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Purpose: Angiogenesis is an important mediator in tumor progression. Vascular endothelial growth factor (VEGF) 
is one of the major cytokines that can influence angiogenesis. However, the potential mechanism of tumor growth 
inhibition through anti-VEGF agents is still unclear. This study was performed to examine whether ranibizumab could 
inhibit malignant melanoma growth in vitro and to determine the safety of ranibizumab on human adult retinal pigment 
epithelium cell line (ARPE-19 cells). 

Methods: Malignant melanoma cells obtained from a clinic were cultured in vitro. VEGF concentrations secreted by 
malignant melanoma cells and the ARPE-19 cells were examined by enzyme-linked immunosorbent assay (ELISA). 
The two kinds of cells were both treated with VEGF and its antagonist, ranibizumab. The dynamic changes of the two 
types of cells were monitored by real-time cell electronic sensing (RT-CES) assay. The effect of ranibizumab on both 
types of cells was verified by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl (MTT) assay. The expression of VEGF receptor 
1 (VEGFR1) RNA in uveal melanoma was further investigated through the PCR technique. 

Results: The levels of VEGF secreted by malignant melanoma cells were much higher than those of ARPE-19 cells, and 
were markedly decreased in the action of 0.1 mg/ml ranibizumab. However, there was no obvious reduction of VEGF in 
the presence of ranibizumab for ARPE-19 (p>0.05). Meanwhile, RT-CES showed that the viability of malignant mela- 
noma cells increased greatly in the presence of VEGF. When VEGF was 20 ng/ml, viability of the malignant melanoma 
cells increased by 40% compared with the negative control. There was no evident effect on proliferation of ARPE-19 
(p>0.05). Furthermore, the growth of malignant melanoma cells was obviously inhibited after ranibizumab intervention. 
When ranibizumab was administered at 0.25 mg/ml, the survival rate of the malignant melanoma cells decreased to 
57.5%. Nevertheless, low-dose exposure to ranibizumab had only a slight effect on the growth of ARPE-19, and PCR 
result demonstrated that VEGFR1 plays a role in this tumor tissue rather than VEGFR2. 

Conclusions: Ranibizumab can selectively inhibit malignant melanoma cell proliferation by decreasing the expression 
of VEGF; the possible mechanism of the inhibitory effect may involve VEGFR1 antagonism. 



Vascular endothelial growth factor (VEGF) was first 
described as a molecule that could increase the permeability 
of blood vessels. Additionally, VEGF promotes the prolifera- 
tion of new blood vessels, and is essential for normal embry- 
onic development and wound healing. There is an obvious 
correlation between intensity of VEGF and tumor prognosis 
[1]. VEGF encompasses a family of proteins that include 
placenta growth factor (PIGF), VEGF-A, VEGF-B, VEGF-C, 
VEGF-D, and VEGF-E. The VEGF receptor (VEGFR) family 
in mammals contains three members, namely VEGFR1, 
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VEGFR2, and VEGFR3. These factors directly participate 
in the genesis of blood capillaries and lymphatic vessels [2-7]. 

Three anti-VEGF agents — pegaptanib, bevacizumab, 
and ranibizumab [8] — have been used for the treatment of 
patients with neovascularization pathology. Ranibizumab 
(Lucentis®, Genentech, Inc., South San Francisco, CA) is 
a recombinant humanized immunoglobulin designed for 
intraocular use which can bind to and inhibits the biological 
activity of human VEGF-A [9]. It has been shown to be 
safe and effective when given intravitreally to patients with 
neovascular wet age-related macular degeneration (AMD). In 
addition, ranibizumab has recently been approved for diabetic 
macular edema (DME) therapy [10]. Bevacizumab (Avastin®, 
Genentech, Inc.) a full-length, humanized, monoclonal anti- 
body against all types of VEGF, is the most commonly used 
drug in the United States for the treatment of neovascular 
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AMD. It is currently approved for the treatment of meta- 
static colorectal cancer [11]. A case series to date by Finger 
and Chin on 21 patients with iodine- 125 brachy therapy- 
induced radiation maculopathy found that administration of 
1.25 mg/0.05 ml of bevacizumab led to decreased macular 
edema, improved or maintained visual acuity, and reduced 
hemorrhage and retinal edema [12]. One report focused on 
a man whose ocular history included brachytherapy with 
ruthenium plaque for choroidal melanoma 15 months previ- 
ously; it was confirmed that intravitreal bevacizumab could 
ameliorate the decline in visual acuity caused by radiation 
maculopathy [13]. 

Tumor growth is angiogenesis dependent, and therapy 
targeting tumor vasculature is an attractive alternative or 
adjunct to conventional therapy. VEGF is important in several 
malignant and nonmalignant pathologies. Previously, it was 
shown that selective inhibition of VEGF binding to VEGFR2 
with a fully human monoclonal antibody (r84) is sufficient 
for effective control of tumor growth in a preclinical model 
of breast cancer [14]. One report demonstrated the effective- 
ness of anti-VEGF therapy as a modulator of immune cell 
infiltration, as well as intratumoral and serum cytokine 
levels, in multiple preclinical models of breast cancer [15]. 
In metastatic colorectal cancer, an objective response rate of 
3.3% was observed among chemotherapy-pretreated patients 
receiving monotherapy with bevacizumab [16]. Trials of 
bevacizumab with chemotherapy as the first-line treatment 
for metastatic non-small-cell lung cancer have yielded the 
results of improving patient outcomes [17,18]. 

We were interested in exploring whether ranibizumab, 
the anti-VEGF agent, would result in novel efficacy against 
ocular tumor. In addition, we intended to evaluate the safety 
of ranibizumab. In the present study, the effects of VEGF 
on malignant melanoma cells of the ciliary body and on the 
human adult RPE cell line (ARPE-19) were investigated to 
determine whether the growth of two kinds of cells is VEGF 
dependent, and the inhibitory mechanism of ranibizumab on 
the growth of tumor cells and ocular safety was also explored. 

METHODS 

The study was performed in the Affiliated Eye Hospital 
of Shandong University of Traditional Chinese Medicine. 
All measurements adhered to the tenets of the Helsinki 
agreement. 

Primary culture of ocular malignant melanoma and culture 
of the ARPE-19 cell line: Malignant melanoma of the ciliary 
body was derived from a female inpatient in our hospital. 
A part of the tumor tissue was fixed by 10% formaldehyde 
solution. Paraffin sections from the tissue were examined 
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with hematoxylin and eosin (H&E) staining. Immunohisto- 
chemical staining of HMB-45, S-100 protein, and Melan-A 
(Golden Bridge Biotechnology Company Ltd., Peking, China) 
were performed for identification of melanoma. The other 
part of the tumor tissue was cultured in RPMI 1640 medium 
(HyClone, Tianjin, China) with 10% fetal bovine serum (FBS; 
HyClone) after digestion with 0.05% trypsin. The following 
experiments were carried out with three to six cell passages. 

The human RPE cell line (ARPE-19) was obtained from 
the American Type Cell Culture (ATCC, Manassas, VA); 
it matched for the ATCC human cell line CRL-2302. The 
ARPE-19 cell was verified by the ATCC Cell Line Authenti- 
cation Service (Promega, Madison, WI) using short tandem 
repeat analysis and an amelogenin gender-determining locus, 
as shown in Table 1. The cells were used between passages 3 
and 6. Cells were maintained in the same medium as mela- 
noma cells, that is, RPMI 1640 with 10% FBS. All cells were 
cultured at 37 °C in a 5% C0 2 incubator with a humidified 
environment. 

Melanoma cell identification by immunocytochemistry: 
Malignant melanoma cells of the ciliary body were cultured 
primarily in the laboratory and cells between the third and 
the sixth generation were used in the experiments. When 
they had reached 80-90% confluence, cells were digested 
with 0.05% trypsin. After washing twice with PBS, the cell 
pellet was smeared onto three pieces of slides for immuno- 
cytochemistry staining with HMB-45, S-100 protein, and 
Melan-A, respectively. 

VEGF secretion detected by ELISA: To determine the VEGF 
level secreted by malignant melanoma cells and ARPE-19, 
200 (il supernatant was collected from the media after 24 h 
culture in the absence and presence of 0.1, 0.25, 0.5, and 1 mg/ 
ml of ranibizumab. The concentration was measured using a 
VEGF ELISA kit (R&D, Minneapolis, MN) following the 
suggested protocol. The optical densities were determined 
within 30 min and recorded with a microplate reader (BioTek, 
EXL800, Winooski, VT) at 450 nm. 

Real-time cell electronic sensing assay: First, 1><10 4 malig- 
nant melanoma cells or ARPE-19 were seeded into each well 
of a 16-well plate containing 100 (il of culture medium and 
incubated for 20 h in a 5% C0 2 incubator. After removing 
the medium, the VEGF solution (Pepro Tech Inc., Suzhou, 
China) was diluted with fresh RPMI 1640 medium and then 
added into each well with final concentrations of VEGF 0, 1, 
5, 10, and 20 ng/ml. Each concentration was set in triplicate. 

Second, the medium was removed after 20 h of incuba- 
tion for the two kinds of cells. The final concentrations of 
ranibizumab in malignant melanoma cells and ARPE-19 were 
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Table 1. STR genotype and amelogenin gender-determining locus of ARPE-19 cell used. 



Test results for submitted Sampale ATCC reference database profile 



Loci 


Query profile: ARPE-19(UCLA-19) 


Database profile: ARPE-] 


D3S1358 


14 


15 






TH01 


6 


9.3 


6 


9.3 


D21S11 


28 


29 






D18S51 


12 


16 






Penta E 


7 


11 






D5S818 


13 




13 




D13S317 


11 


12 


11 


12 


D7S820 


9 


11 


9 


11 


D16S539 


9 


11 


9 


11 


CSF1PO 


11 




11 




PentaD 


11 


13 






Amelogenin 


X 


Y 


X 


Y 


vWA 


16 


19 


16 


19 


D8S1179 


13 








TPOX 


9 


11 


9 


11 


FGA 


23 








D19S433 


12 


13 






D2S1338 


19 








Number of shared alleles between query sample and database profile: 




16 




Total number of alleles 


in the database profile: 




16 


Percent match between the submitted sample and the database profile: 




100 



0, 0.1, 0.25, 0.5, and 1 mg/ml, respectively. Each concentra- 
tion was set in triplicate. 

Analyses for both experiments were conducted using an 
RT-CES analyzer (ACEA Biosciences Inc., Hangzhou, China) 
for at least 80 h and the cell culture medium volume used for 
detection was 200 jlxI. The electrical impedance, displayed 
as a normalized cell index (NCI), was monitored and the 
dynamic changes induced by the interaction between cells 
and VEGF or ranibizumab was recorded. 

RT-CES assay can provide dynamic information to 
identify the interaction between target cells and reagents. 
The RT-CES system monitors cellular events in real time by 
measuring the electrical impedance between microelectrodes 
integrated into the bottom of custom-made tissue culture 
plates (E-Plates). Since cells have a very high electrical 
resistance, the more cells are attached to the bottom of the 
E-Plates, the higher the electrical impedance will be. Thus, 
the electrical impedance, displayed as NCI, can be used to 
monitor cell viability, number, and adhesion in a large number 
of cell culture wells simultaneously, at any given frequency, 
and over any desired period of time without taking the plates 



out of the incubator. The RT-CES assay has been proven to 
be a valuable and reliable approach to real-time monitoring 
of dynamic changes induced by cell-chemical interaction 
[19-22]. 

MTT assay: Based on the observations above, the potential 
effect of ranibizumab on melanoma cells and ARPE-19 cells 
was further investigated via MTT assay. First, 1><10 4 cells 
were seeded into each well containing 200 yd cell culture 
medium in 96 -well plates and incubated for 24 h in a 95% air 
and 5% C0 2 incubator. The ranibizumab solution was diluted 
with fresh RPMI 1640 medium and then added to the culti- 
vated wells, where the final concentrations of ranibizumab 
in both cells' wells (in triplicate) were 0, 0.1, 0.25, 0.5, and 
1 mg/ml, respectively. Wells without ranibizumab were used 
as the control experiments. After incubation for 24 h, 20 (j.1 of 
5 mg/ml of MTT was added to each well, followed by further 
incubation for 4 h. The survival rate (%) was expressed as 
follows: survival rate (%)=([A] ranibizumab/[A]control) x 100, 
where A is the absorbance value of the relative sample at 490 
nm. Every experiment was repeated at least three times. 
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Extraction of total RNA from formalin-fixed, paraffin- 
embedded tissue: Total RNA from the tumor was extracted 
from formalin-fixed, paraffin-embedded tissue using a 
modification of the method described by Rupp and Locker 
[23]. Briefly, RNA was extracted from ten 8 urn sections, 
and further paraffin was removed by extracting twice with 
1.5 ml of xylene for 10 min followed by rehydration through 
subsequent washes with 100, 90, and 70% ethanol diluted in 
RNase-free water; then the tissue was collected by centrifu- 
gation at 16,000 x g for 5 min. After the final step with 70% 
ethanol rinse, the pellet was dried, resuspended in 200 ml 
of RNA lysis buffer containing 10 mmol/1 Tris (pH 8.0), 0.1 
mmol/1 EDTA (pH 8.0), 2% sodium dodecyl sulfate (pH 7.3), 
and 500 mg/ml proteinase K (Sigma, Deisenhafen, Germany), 
and incubated at 60 °C for 16 h until the tissue was completely 
solubilized. The precipitate was removed and resuspended 
in 1 ml Trizol reagent (Aidlab Biotechnologies Co., Ltd., 
Peking, China) and incubated at 4 °C for 30 min. RNA was 
purified by phenol and chloroform extractions followed by 
precipitation with an equal volume of isopropanol for 30 min. 
The RNA pellet was washed once in 75% ethanol, dried, and 
resuspended in 20 |il of RNase-free water; it was then quanti- 
fied by a micro-spectrophotometer (K5600, Beijing Kaiao 
Technology Development Co., Ltd. Peking, China). 

PCR determination: The total RNA was reverse transcribed 
using Moloney murine leukemia virus (M-MLV) reverse 
transcriptase (Aidlab Biotechnologies Co., Ltd.). PCR was 
performed on a TP600 reverse-transcription PCR (RT-PCR) 
system (Takara, Japan), according to the manufacturer's 
instructions. The primer sequences for human VEGF receptor 
1 (VEGFR1) were 5'-TTT AAA AGG CAC CCA GCA CAT-3' 
(forward) and 5'-TTA CTC ACC ATT TCA GGC AAA 
GAC-3' (reverse); primer sequences for human VEGFR2 were 
5'-GGC CCA ATA ATC AGA GTG GCA-3' (forward) and 
5'-TGT CAT TTC CGA TCA CTT TTG GA-3' (reverse). The 
amplification conditions were as follows: 95 °C for 30 s and 
40 cycles of 95 °C for 5 s and 57 °C for 34 s. PCR products 
were analyzed using agarose gel electrophoresis. 

Statistical analysis: Data were expressed as the mean ± SD 
(standard deviation) from at least three independent experi- 
ments. One-way analysis of variance (ANOVA) was used for 
significance testing, and p<0.05 was considered statistically 
significant. 

RESULTS 

Histopathological observation of malignant melanoma 
of the ciliary body: The tumor was composed of fusiform 
and epithelioid malignant melanoma cells. The cytoplasm 
was abundant with melanin granules. The nuclei were big 
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with prominent nucleoli (Figure 1A). Additionally, paraffin 
sections were depigmented by KMn0 4 (potassium permanga- 
nate) before H&E staining (Figure IB), and the tumor showed 
histopathological features of infiltrative growth. Immunohis- 
tochemical staining indicated that the tumor tissue expressed 
HMB-45 and S-100 positively (Figure 1C,E). Melan-A was 
weakly positive (Figure ID). The positive expression was 
displayed as brown yellow located in cytoplasm. Melanin 
granules appeared dark green after cytoplasm was counter- 
stained with Giemsa [24]. 

Malignant melanoma cell culture and immunocytochemical 
staining: The malignant melanoma cells were cultured at 
37 °C in a 5% C0 2 humidified incubator. The cells appeared 
to have attached characteristics with a spindle shape, and 
were rich in melanin granules. During the course of culturing, 
the cells depigmented gradually (Figure 2A). Passaging to the 
fifth generation, the melanin granules disappeared completely 
(Figure 2B). Immunocytochemical staining indicated positive 
expression of S-100 (Figure 2E) and weak positive expres- 
sion of HMB-45 and Melan-A (Figure 2C, D). The positive 
expression is located in the cytoplasm with a brown-yellow 
color. PBS solution was used as the primary antibody in 
the negative control for immunohistochemical staining and 
immunocytochemical staining. 

Malignant melanoma cells secrete more VEGF than ARPE-19 
cells: We determined the levels of VEGF of the supernatant 
from the two kinds of cells with or without ranibizumab 
by ELISA. Untreated malignant melanoma cells expressed 
1533.4±7 pg/ml VEGF (Figure 3); the mean levels of VEGF 
of malignant melanoma cells after 24 h exposure to 0.1, 
0.25, 0.50, and 1 mg/ml of ranibizumab were 822.55±9.3 pg/ 
ml, 875.02±7.8 pg/ml, 836.13±6.3 pg/ml, and 844.8±6 pg/ 
ml, respectively. ARPE-19 without ranibizumab expressed 
908.75±9.1 pg/ml VEGF, and the mean levels of VEGF of 
ARPE-19 cells after 24 h exposure to 0.1, 0.25, 0.50, and 
1 mg/ml ranibizumab were 891.1±7.3 pg/ml, 828±5 pg/ml, 
767±4.5 pg/ml, and 870±6.2 pg/ml, respectively. 

RT-CES dynamic study for the effect of VEGFand ranibi- 
zumab on malignant melanoma cells and ARPE-19 showed 
that tumor cells are more inclined to be inhibited by ranibi- 
zumab: Malignant melanoma and ARPE-19 cells were treated 
with 1, 5, 10, and 20 ng/ml of VEGF. After adding VEGF to 
the malignant melanoma cells (Figure 4A), NCI was higher 
compared with the cells without VEGF. What is more, 
NCI became higher kinetically following the culture time 
(p<0.05). VEGF had a significant influence on the viability 
of malignant melanoma cells. When VEGF was 5, 10, and 
20 ng/ml, the malignant melanoma cells' viability increased 
by 18%, 20%, and 40%, respectively, compared with the 
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Figure 1. An overview, hematoxylin and eosin (H&E) staining, and immunohistochemical staining of malignant melanoma. A: An overview 
of the tumor. B: H&E staining of the tissue of malignant melanoma. C: H&E staining depigmented by KMn0 4 (potassium permanganate) 
of malignant melanoma. The tissue was constituted by fusiform and epithelioid malignant melanoma cells. Cytoplasm was abundant with 
melanin granules. Nuclei was big with prominent nucleoli. D: Expression of HMB-45 in immunohistochemical staining of malignant 
melanoma was positive. E: Expression of Melan-A was weakly positive; F: Expression of S-100 protein was positive. G: Negative control. 
DAB was used as chromogen. (magnification: 200*). 



untreated cells (Figure 4B). This increase effected by VEGF 
was dose dependent. 

There was no evident effect of VEGF on cell prolifera- 
tion of ARPE-19 cells. As shown in Figure 4C,D, we observed 
that NCI decreased slightly compared with the untreated cells 
when VEGF was 1, 5, 10, or 20 ng/ml. 



The observations demonstrated that when ranibizumab 
was added to the malignant melanoma cell system, the NCI 
was lower compared to that of cells without ranibizumab 
treatment (Figure 5A). Moreover, the NCI decreased following 
the culture time (p<0.05). The results indicate that ranibi- 
zumab has an inhibitory effect on the growth of malignant 
melanoma cells. Furthermore, this inhibitory effect induced 
by ranibizumab was also dose dependent. When ranibizumab 
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Figure 2. Cell culture and immunohistochemical staining of malignant melanoma cells. The cells appeared with attached characteristics; 
they were spindle-shaped and rich in melanin granules. A: Depigmented cells during the course of culturing. B: Cells passaging to the fifth 
generation. The melanin granules disappeared completely. C: Illustrates the negative control for immunocytochemical staining. D: Weak 
positive expression of HMB-45. E: Weak positive expression of Melan-A . F: Positive expression of S-100 (magnification: 200*). 
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Figure 3. Levels of vascular endo- 
thelial growth factor (VEGF) of 
malignant melanoma cells and 
ARPE-19 cells in the absence and 
presence of ranibizumab. Cell 
supernatants were assayed for 
enzyme-linked immunosorbent 
assay (ELISA) as described in the 
methods section. *p<0.05 compared 
to untreated cells. Data represents 
three independent experiment and 
all data points plotted as mean 
values±SD (*p<0.05). 



was 0.1 mg/ml, 0.25 mg/ml, and 0.5 mg/ml, the survival rates 
of malignant melanoma cells decreased to 12%, 57.5%, and 
72% compared with the untreated cells (Figure 5B). 

When ranibizumab was only 0.1 mg/ml, the electrode 
impedance decreased slightly compared with ARPE-19 
without ranibizumab (p>0.05). There was a decrease when 
ranibizumab increased to 0.25 mg/ml, and no evident differ- 
ence in ARPE-19 proliferation treated with 0.5 mg/ml and 
1 mg/ml ranibizumab; the survival rates of ARPE-19 were 
55.6% and 42.8%, respectively (Figure 5C,D). The results 
indicate that a high dose of ranibizumab has an inhibitory 
effects on the growth of ARPE-19. 

MTT assay for effects of ranibizumab on uveal melanoma 
and ARPE-19 cells: As shown in Figure 6, it was observed 
that the effect of ranibizumab on the two kinds of cells 
occurred in a dose -dependent manner, which was similar 
with the results for RT-CES. When ranibizumab was 0.1 
mg/ml, 0.25 mg/ml, 0.5 mg/ml, and 1 mg/ml, the survival 
rates of malignant melanoma cells were 98.1%, 91.05%, 
88.55%, and 79.2%, respectively, and the survival rates of 
ARPE-19 were 98.96%, 96.1%, 89.6%, and 88.03%, respec- 
tively. When ranibizumab was 0.1 mg/ml and 0.25 mg/ml, the 
surviving rate decreased slightly comparing with ARPE-19 
without ranibizumab (p=0.77, p=0.26, respectively). There 
were remarkable decreases when ranibizumab increased to 



0.25 mg/ml, 0.5 mg/ml, and 1 mg/ml for malignant melanoma 
cells (p=0.006, p=0.001, p=0.00, respectively). 

VEGFR1 expression in human malignant melanoma of 
the ciliary body: We examined the mRNA expression of 
VEGFR1 and VEGFR2 in malignant melanoma of the ciliary 
body by PCR. The results showed that the transcripts of 
VEGFR1 are present in this tumor tissue; on the other hand, 
VEGFR2 is not expressed (Figure 7). These results suggested 
that VEGFR1, but not VEGFR2, is likely to be involved in 
the inhibition of ranibizumab regarding malignant melanoma 
cells. 

DISCUSSION 

VEGF was originally identified as an endothelial cell- 
specific growth factor that can stimulate angiogenesis and 
enhance vascular permeability. VEGF-A is the most well- 
studied member of the VEGF family and is a key target for 
antiangiogenic therapy [25]. VEGFR1 regulates endothelial 
cell function indirectly through macrophage recruitment 
[26], followed by deposition of angiogenic growth factors by 
these cells. In monocytes, VEGFRl-specific ligands VEGF-B 
and PIGF both induce signaling pathways known to operate 
downstream of most tyrosine kinase receptors, such as extra- 
cellular signal-regulated kinase (ERK)/mitogen-activated 
protein kinase (MAPK), phosphatidylinositol-3 -kinase 
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Time/hour Concentrations of VEGF(nq/mL) 

Figure 4. Dynamic response of malignant melanoma and ARPE-19 cell exposure to vascular endothelial growth factor (VEGF). A and 
B represent the dynamic response of malignant melanoma cells with different concentrations of VEGF, as follows: untreated malignant 
melanoma cells (control, 0 ng/ml); 1 ng/ml VEGF; 5 ng/ml VEGF, 10 ng/ml VEGF; and 20 ng/ml VEGF. B: Comparison of increases in cell 
activity in the presence of VEGF after malignant melanoma cells were incubated in the cell system for about 72 h. *p<0.05 compared to 
untreated cells. C and D show the dynamic response of ARPE-19 with different concentrations of VEGF, as follows: untreated cells (control); 
1 ng/ml VEGF; 5 ng/ml VEGF, 10 ng/ml VEGF, and 20 ng/ml VEGF. D: Comparison of increases in cell activity in the presence of VEGF 
after ARPE-19 were incubated in the cell system for about 72 h. *p<0.05 compared to untreated cells. Data represents three independent 
experiment and all data points plotted as mean values±SD (*p<0.05). 



(PI3K)/protein kinase B (PKB/AKT), and the stress kinase 
p38MAPK [27], in which VEGFR1 -mediated signaling 
pathways are essential for VEGFR1 biology in vivo. PIGF 
is also dispensable for embryonic and adult physiological 
angiogenesis [28], but promotes pathological angiogenesis 
in several diseases. Moreover, PIGF binds to neuropilin- 
l(NRP-l). VEGFR1 is expressed by a broad range of cell 
types, including human tumor cells [29]. 

It now appears that VEGF also has autocrine func- 
tions acting as a survival factor for tumor cells, protecting 
them from stresses such as hypoxia, chemotherapy, and 
radiotherapy [30]. In cancer, tumor angiogenesis contrib- 
utes to tumor growth and metastasis. An important step in 



antiangiogenic cancer therapy was taken when the anti-VEGF 
blocking antibody bevacizumab showed remarkable results 
in the treatment of metastatic colorectal cancer, and it has 
been approved by the Food and Drug Administration (FDA) 
for treatment of metastatic colorectal cancer [31,32]. Ranibi- 
zumab is an affinity-matured antigen-binding fragment (Fab) 
derived from bevacizumab, and thus has a higher affinity 
for VEGF-A [33]. Ranibizumab was developed specifically 
for intravitreal administration to treat vascular eye diseases. 
Intravitreal injection of 0.5 mg of ranibizumab is recom- 
mended for patients with subfoveal choroidal neovasculariza- 
tion (CNV). However, the effect of ranibizumab on tumors 
has not been clearly identified. 
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Time/hour Concentrations of Ranibizumab(mg/mL) 

Figure 5. Dynamic response of malignant melanoma and ARPE-19 cell exposure to ranibizumab. A and B represent the dynamic response 
of malignant melanoma cells with different concentrations of ranibizumab, as follows: untreated cells (control); 0.1 mg/ml; 0.25 mg/ml; 
0.5 mg/ml; and 1 mg/ml. B: Comparison of decreases in cell activity in the presence of ranibizumab after malignant melanoma cells were 
incubated in the cell system for about 72 h. *p<0.05 compared to untreated cells. C and D show the dynamic response of ARPE-19 with 
different concentrations of ranibizumab, as follows: untreated cells (control); 0.1 mg/ml; 0.25 mg/ml; 0.5 mg/ml; and 1 mg/ml. D: Comparison 
of decreases in cell activity in the presence of ranibizumab after ARPE-19 cells were incubated in the cell system for about 72 h. *p<0.05 
compared to untreated cells. Data represents three independent experiment and all data points plotted as mean values±SD (*p<0.05). 



Uveal melanoma (UM) is an intraocular malignant tumor 
occurring mainly in Caucasian adults that usually originates 
from melanocytes of the choroid, iris, and ciliary body 
[34,35]. UM has an incidence of about 2-8 per million per 
year in Caucasians [36]. Immunohistochemistry has been the 
primary tool to distinguish melanomas from other tumors; it 
is also an adjunct tool to distinguish benign and malignant 
melanocytic tumors. Useful markers for melanoma include 
S-100 protein, which is highly sensitive, as well as HMB-45, 
Melan-A, tyrosinase, and microphthalmia-associated tran- 
scription factor (MITF), which are generally more specific 
[37]. In our study, the results of immunocytochemical 
staining of malignant melanoma cells and the primary tissue 
were basically similar; they both showed diffuse staining 



of S-100 protein and HMB-45, while Melan-A was weakly 
positive. 

The UM cells we cultured were abundant in pigmenta- 
tion, but lacked pigment after several passages. It has been 
reported that the production of melanin pigment of human 
melanoma cells is dependent on tyrosine levels in medium 
[38]. The results from a nonspecific melanoma experimental 
model (B16 melanoma) suggested that primary tumors 
contain cells with variable growth characteristics and meta- 
static potential [39]. One study [40] focused on the isolation of 
seven human melanoma cell lines. In the cases derived from 
pigmented biopsy samples, cellular pigmentation increased 
as the cells became confluent; this observation was most 
striking in the multilayered clumps of cells that formed. This 
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Figure 6. MTT assay for effects of 
ranibizumab on uveal melanoma 
cells and ARPE-19 cells. A: The 
dynamic response of malignant 
melanoma cells with different 
concentrations of ranibizumab: 
untreated cells (control); 0.1 mg/ml; 
0.25mg/ml; 0.5mg/ml and lmg/ 
ml. B: The dynamic response of 
ARPE-19 with different concentra- 



Concentrations of ranibizumab (mg/mL) Concentrations of ranibizumab(mg/mL) . . 

tions oi ranibizumab: untreated 

cells (control); 0.1 mg/ml; 0.25 mg/ml; 0.5 mg/ml and 1 mg/ml. Date represents four independent experiment and all data points plotted as 
mean values±SD (*p<0.05). 



increase in melanin synthesis with increased cell density was 
accompanied by a parallel increase in tyrosinase synthesis. 
Cells grown in RPMI 1640 showed less pigmentation than 
those cultured in DME. As previously reported [41], the 
density-dependent increase in the rate of tyrosinase synthesis 
by UCT-Mel 2 could be inhibited by 10" 6 M retinoic acid. 
Permanent cell lines (UCT-Mel 1 through 7) were established 
from biopsies of metastatic tissue taken from seven patients 
with malignant melanoma. University of Cape Town mela- 
noma cell line 2 is the full name of UCT-Mel 2. Although 



derived from tissue that was pigmented in vivo, UCT-Mel 4 
cells could lose the pigment in vitro. 

It has long been accepted that angiogenesis plays an 
important role in tumor growth, invasion, and eventually 
metastasis. VEGF was shown to be secreted by tumors and 
to stimulate angiogenesis [42]. In this study, we cultured the 
tumor specimen obtained from our clinic in vitro, and inves- 
tigated whether ranibizumab played an inhibitory role in the 
growth of malignant melanoma. Using ELISA, we examined 
the VEGF expression levels in malignant melanoma cells and 
ARPE-19 affected by ranibizumab. The results showed that 



VEGFR2 VEGFRI fvKukei 
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Figure 7. VEGF Receptor expres- 
sion in human malignant melanoma 
of ciliary body. Total RNA from 
malignant melanoma of ciliary 
body was extracted from formalin- 
fixed, paraffin-embedded tissue 
and the expression of VEGFRI 
and VEGFR2 was examined by 
RT-PCR. 
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the levels of VEGF secreted by malignant melanoma cells 
were much greater than those of ARPE-19, and the levels of 
VEGF of malignant melanoma cells declined markedly via 
the action of ranibizumab. On the other hand, there was no 
evident decrease of VEGF in the presence of ranibizumab 
for ARPE-19. When VEGF was added to the malignant 
melanoma cells, the viability of these cells increased greatly, 
and this increased kinetically following the culture time. 
However, there was no evident effect of VEGF on the cell 
proliferation of ARPE-19. Further research showed that the 
growth of malignant melanoma cells was obviously inhibited 
when ranibizumab intervened. 

The signaling responses at the molecular level in UM 
need further investigation. It has been reported that the func- 
tion of VEGFR family proteins is largely restricted to angio- 
genesis and regulation of vasculogenesis [43]. In this study, 
the expressions of VEGFR1 and VEGFR2 were examined 
by PCR. 

Our findings indicate that malignant melanoma cells can 
express more VEGF, and the growth of tumor cells is VEGF 
dependent. In cell culture, the proliferation of malignant 
melanoma of the ciliary body can be restrained effectively 
by anti-VEGF agents. The possible mechanism of the inhibi- 
tory effect may be antagonizing VEGF through VEGFR1. In 
contrast, low-dose exposure of ranibizumab had a slight effect 
on the growth of ARPE-19. Only high-dose ranibizumab has 
an inhibitory effect on ARPE-19 cells. 

In summary, our study suggests that ranibizumab can 
selectively inhibit malignant melanoma cell proliferation by 
decreasing the levels of VEGF. The possible mechanism of 
the inhibitory effect may be antagonizing VEGFR1. More- 
over, our observations demonstrate that although ranibi- 
zumab can greatly inhibit ARPE-19 proliferation in vitro 
at higher concentrations, it has little effect on ARPE-19 at 
lower concentrations. As this is an in vitro study, which may 
not simulate the complicated human internal environment 
perfectly, further in vivo investigations are necessary for 
exploration of this mechanism. 
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